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IN THE UNITED STATES PATENT OFFICE 



--AN ELECTROMAGNETIC DRIVE DEVICE- - 



[0001] The invention relates to an electromagnetic drive 
device comprising a drive part arranged to be reciprocated 
in the stroke direction and possessing a circular or oval 
cross section, said drive part having a permanent magnet 
arrangement magnetized athwart the stroke direction, such 
arrangement possessing at least one pair of oppositely 
magnetized magnet portions arranged sequentially in the 
stroke direction and being arranged in the intermediate 
space of a yoke arrangement with pole pieces provided in 
the direction of magnetization on opposite sides of the 
drive part . 

[0002] Such an electromagnetic drive device as disclosed 
in the German patent publication DE 19,900,762 C2 possesses 
only two pole pieces arranged on opposite sides of the 
drive part, which are each surrounded in an annular manner 
by a coil, able to conduct current, so that the axial 
direction of the coils is the same as the magnetization 
direction of the magnet portions of the drive part. In the 
preferred design the drive part is flat and plate- like. 

[0003] In the case of many applications, more especially 
for valves a particularly flat design of the overall 
electromagnetic drive device is important. Using the known 



arrangement a flat design is not able to be realized. 

[0004] One object of the present invention is to create an 
electromagnetic drive device of the type initially 
mentioned, which may be particularly flat in design. 

[0005] In accordance with the invention this object is 
achieved since the yoke arrangement possesses two pairs of 
pole pieces delimiting the intermediate space and which are 
joined together by two yoke regions extending essentially 
in parallelism to the stroke direction, at least one of the 
yoke regions being surrounded by a coil able to conduct 
current for performing a stroke and each pair of pole 
pieces is provided with a pair of oppositely magnetized 
magnet portions of the permanent magnet arrangement . 

[0006] The advantages of the electromagnetic drive device 
of the invention are more especially that it may be 
produced with an simple design, which is extremely narrow 
and flat, the width of the overall arrangement hardly 
exceeding the diameter of the drive part and simultaneously 
essentially being equal to the width of the pole pieces. 
This drive device is therefore more particularly suitable 
for very narrow plate valves. A further advantage is that 
the drive device generously allows 

[0007] for inaccuracies in manufacture owing to the 
radially symmetrical design. No substantial twisting and 
tilting forces occur, which might impair the service life 
of the bearings . 

[0008] The measures recited in the dependent claims 



represent advantageous further developments and 
improvements of the drive device indicated in claim 1. 

[0009] In the current-less state of the at least one coil 
each pair of oppositely magnetized magnet portions is 
positioned in the vicinity of two pole pieces arranged on 
either side of the drive part, that is to say the 
arrangement is self-centering. 

[0010] The pairs of magnet parts are preferably arranged 
spaced apart from one another by an intermediate piece in 
the stroke direction, the intermediate piece preferably 
being manufactured of non-magnetizable material, as for 
example plastic. This means that there is an enhanced 
magnetic action. 

[0011] In the case of an advantageous design the drive 
part consists of a tube or round rod of non-magnetizable 
material, for example plastic, which bears the magnet 
portions. In this case each magnet portion comprises two 
oppositely magnetized semi-circular disks or half rings. 
The magnet portions are in this case preferably arranged in 
pits or recesses or in the tube or round rod. Accordingly 
the design may be realized in a particularly simple and 
economic manner. 

[0012] The drive part may be connected with an output 
drive part, which preferably is designed in the form of a 
piston of a piston spool valve or some other valve member. 

[0013] For the connection with the output drive the drive 
part designed in the form of a tube provided with the 



permanent magnet arrangement is preferably in the form of a 
gripper tongs, which is thus able to be connected with the 
drive output part . 

[0014] In order to increase the stroke force it is 
possible for several yoke arrangements to the placed in 
tandem in the stroke direction. 

[0015] Working examples of the invention are represented 
in the drawing and are described in the following account. 

[0016] Figure 1 is a perspective overall view of an 
electromagnetic drive device with two coils as an 
embodiment of the invention. 

[0017] Figure 2 is a perspective representation of a 
drive part having a plastic tube provided with magnet 
portions . 

[0018] In the case of the first working embodiment 
represented in figure 1 a circularly cylindrical drive part 
10 comprises four disk- like magnet portions 11 through 14 
magnetized athwart the stroke direction H, the magnet 
portions 11 and 12 arranged in tandem in the stroke 
direction on the one hand and the magnet portions 13 and 14 
on the other hand also arranged in tandem in the stroke 
direction being, respectively oppositely magnetized, 
something which is indicated by magnetic field arrows M+ 
and M- . The contiguous magnet portions 11 and 12 are 
separated by a circularly cylindrical intermediate piece 15 
from the also contiguous magnet portions 13 and 14, such 
intermediate piece 15 consisting of non-magnetizable 
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material, for example plastic. However, it could comprise 
magnetizable material or, given suitable dimensions of the 
magnet portions 11 through 14, it could be omitted. 

[0019] The magnet portions 11 through 14 respectively 
comprise two half disks 11a through 14a and lib through 14b 
in order to be able to more readily realize the desired 
magnetization direction. In principle diametrally 
magnetized solid disks or full rings or half rings could be 
employed. Instead of circular cross sections oval or 
elliptical cross sections are also possible. 

[0020] A yoke arrangement 16 comprises essentially U-like 
yoke parts 17 and 18, which are arranged on opposite sides 
of the drive part 10. In this case the limbs, constituting 
the two pole pieces 19 and 20, of the yoke part 17 and the 
two limbs, also constituting pole pieces 21 and 22, of the 
yoke part 18 are respectively arranged opposite each other 
so that the drive part 10 is arranged in the circular 
intermediate space between the pole pieces 19 and 2 0 on the 
one hand and the pole pieces 2 0 and 2 2 on the other hand 
with the formation of a gap. In this arrangement the width 
of the pole pieces 19 through 22 is essentially equal to 
the diameter of the drive part 10 so that the overall width 
of the drive device is essentially equal to the diameter of 
the drive part 10. 

[0021] The distance apart of the pole pieces 19 through 21 
and of the pole pieces 21 and 22 on the other hand in the 
stroke direction is such that the parting face between the 
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magnet parts 11 and 12 is positioned in the plane of the 
pole pieces 19 and 21 and the parting face between the 
magnet poles 13 and 14 is positioned in the plane of the 
pole pieces 20 and 22. Such positioning may be achieved by 
varying the height of the magnet poles 11 through 14 and of 
the intermediate piece 15 . 

[0022] The pole pieces 19 and 20 are joined together in 
one yoke region 23 and the pole pieces 21 and 22 are joined 
together in one yoke region 24 . Such yoke regions 23 and 
24 constitute cores for two magnet coils 25 and 26, which 
annularly surround the yoke region 23 and 24. In principle 
it is also possible to arrange a magnet coil on only one of 
the yoke regions 23 and 24. 

[0023] In the case of the described electromagnetic drive 
device the drive part 10 is magnetically centered, i. e. 
when the magnet coils 25 and 2 6 are not electrically 
excited, it is located in the illustrated symmetrical 
position. For deflection of the drive part 10 the magnet 
coils 25 and 26 are excited oppositely. Dependent on the 
current there is a larger or smaller deflection of the 
drive part in the pole piece to one side and in the case of 
opposite excitation to the other side. The maximum stroke 
in the one direction is reached when the magnet portions 11 
and 13 are aligned with the pole pieces and in the other 
direction when the magnet portions 12 and 14 are aligned 
with the pole pieces. On turning off the current there is 
an automatic return to the . centered initial position. 
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[0024] The above described electromagnetic drive device 
may for example be employed for the operation of the piston 
of a piston spool valve or other valve member, as is 
described and illustrated in the initially mentioned prior 
art. On the other hand such electromagnetic drive device 
may also be employed as an electromagnetic operating device 
for all equipment, in the case of which a certain set 
stroke is to be performed. 

[0025] In figure 2 an alternative design of a drive 30 is 
illustrated. The drive part essentially comprises a 
plastic tube 31, which may consist of another, non- 
magnetizable material and may have a round or oval cross 
section. Instead of the magnet portions 11 through 14 
there are here the magnet portions 32 through 35, which 
respectively comprise two oppositely magnetized half rings 
32 through 35a and 32b through 35b. Same are arranged 
suitable pits in the plastic tube 31 and fixed therein. 
Departing for the illustrated design the magnet portions 32 
and 3 3 on the one hand and the magnet portions 34 and 3 5 on 
the other hand may be in mutual contact. They are 
separated from each other by an spacing region 3 6 of the 
plastic tube 31, which corresponds to the intermediate 
piece in the first working embodiment in function. 
Furthermore the half rings respectively forming a magnet 
portion may engage each other without any clearance. 

[0026] As a modification of the second working example it 
is also possible for instance for the half rings 32a and 
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32b to be integral in design, something which will then 
apply for the corresponding other half rings. Should no 
distance apart or clearance region 36 be provided, it is 
also possible for all half rings 32a through 35a to be 
manufactured integrally and all half rings 32 through 35b 
to be respectively integrally manufactured. Furthermore a 
design as half disks or diametrally magnetized solid disks 
is possible. 

[0027] The plastic tube 31 can have its sectioned side 
connected with an output drive part, as for example a valve 
spool. For this purpose the plastic tube 31 may at least 
on this connection side be designed like a holding tongs in 
order in a simple manner to secure or releaseably hold the 
output drive part 

[0028] In order to increase the stroke force several yoke 
arrangements 16 may be placed together in tandem. In this 
case the arrangement is admittedly made longer, but however 
the narrow width may be adhered to. The drive part 10 
could then obviously be provided with further pairs of 
magnet portions. 



